Summary
The Ethyl alcohol (ethanol) is used in alcoholic beverages or as an ingredient in cooking contain. Ethanol is known to be oxidized to acetaldehyde in the liver mainly by two enzyme systems (first stage). One is alcohol dehydrogenase (ADH), present in the cytoplasm (cy tosol). The other is the NADPH-dependent microsomal ethanol-oxidizing system (MEOS) (1) by the prolifera tion of smooth endoplasmic reticulum (microsome). The cytochrome P-450 (CYP) enzyme superfamily con stitutes the major oxidative hepatic system for xenobi otics, and CYP2E1 which is induced in mice by ethanol exposure, shows high aniline hydroxylase (ANH) activ ity and is an indispensable factor of MEOS (2) . CYP1A2, which is induced by chemical carcinogens such as 3 -methylcholanthrene in mice liver, also catalyzes MEOS activity (3) and shows ethoxyresorufin O-dealkylase (EROD) (4) . Although catalase can be catalyzed to oxi dizing ethanol to acetaldehyde in vitro, it appears to play no significant role in ethanol metabolism (5) . The second stage of ethanol catabolism in the liver, the irre versible oxidation of acetaldehyde to acetate, is cat alyzed by aldehyde dehydrogenase (AlDH). Low Km and high Km AlDH activities were detected in the mitochon dria, microsome, and cytosol fractions of mouse (6, 7) and rat (8) liver. It was suggested or reported that low Km mitochondrial A1DH plays the major role in ac etaldehyde metabolism (9) . Another study suggested, however, that mouse liver cytosolic AlDH may play a leading role in acetaldehyde oxidation in vivo (10) . Acetaldehyde plays an important role in the toxic and pharmacological effects of alcohol (11) . Clinical epidemiological studies have suggested that female drinkers of alcohol may be at higher risk of liver disease than males (12) . Frezza et al. showed that the bioavailability of ethanol is much greater in women than in men (13) . Our previous studies on C3H/He male mice have shown that the hepatic enzymes related to the ethanol me meeabolism differed between mice strains (6) .
It was reported that in the ethanol oxidation of AKR, CF#1, C57BL/6, and NZW mice (14) and rats (15) , males were found to be lower than females, and adult Swiss, AKR, C57BL/6, and DBA females exhibited sig nificantly higher levels of hepatic ADH than their male counterparts did, whereas no gender differences were seen in C3H, CBA, and C57Bred (16). Balak et al. re ported that developmental expressions of ADH in high (C57BL/6) arid low (C3H) ADH activity mice have also been investigated (17) . It is generally accepted that rat liver ADH activity is known to be significantly lower in males than in females (18) , but the activity of gastric ADH involved in the "first-pass alcohol metabolism" was higher in male mice than in female mice (19) . The hepatic cytosolic ADH of rats were regulated by sex hor mones (18) . However, the relations between the activi ties of ADH and of ethanol metabolism in mice liver is unknown. Teschke et al. reported that sex hormones such as testosterone and estradiol affect the hepatic MEOS in rats (20) , and Lieber and Decarli reported that the activity of the MEOS of male rats was higher than of female rats (21) . Gender-related differences were also recognized in the hepatic and renal microsomal CYP2E1-dependent metabolism of steroids (22) and xenobiotics (23) in rats and mice.
The oxidation of acetaldehyde in the liver results in the formation of acetate. There are a few studies about gender differences in the oxidation of acetaldehyde, and acetate metabolism remains unknown. Yamazaki et al, reported that the activities of low Km and high Km AlDH of mitochondria, the soluble fraction and micro somes of liver of the C57BL/6J mouse strain, were higher in female mice, except for the low Km of mito chondria at midnight, than in male mice (24) . Smolen et al. reported that the mouse liver contains five consti tutive AlDH isozymeso high Km and low Km of mito chondria, high Km and low Km of cytosol, and high Km of microsomes. They found no gender differences in the developmental profile of AIDH (25) . It was reported that phenobarbital induced AIDH in rat (26) and mice (27) livers. Gender differences in the activity of hepatic AlDH are unclarified.
We undertook this study to investigate gender differ ences in the rate of oxidation of ethanol and acetalde hyde and in the effect of sex hormones on the activities of hepatic enzymes related to ethanol metabolism in mice. 
DISCUSSION
The aim of the present study was to investigate the gender differences in hepatic ethanol metabolism and the effects of sex hormones on enzymes involved in the hepatic ethanol metabolism of mice. It is generally ac cepted that the mammalian liver contains three path ways for ethanol oxidation, i.e., the ADH pathway in the cytosol, the MEOS in the microsome, and the cata lase system in the peroxisome. The catalase activity was not measured in this study. Each of these pathways results in the production of acetaldehyde, which is then metabolized into acetate. The concentrations of ethanol, acetaldehyde, and acetate in the serum were always lower in female mice than in male mice after oral ethanol administration (Fig. 1) 
